The anterior cingulate gyrus (ACG) is part of a neural network implicated in attention-demanding tasks, such as the experience of pain. However, the regions within the ACG responding to cognitive demands and to painful stimulation are not identical. Since directing attention away from a painful stimulus is known to reduce the perceived pain intensity, we hypothesized that distraction from pain would result both in decreased activation of ACG subregions responsive to painful stimulation and increased activation of ACG subregions responsive to the distraction task. BOLD fMRI has comparatively high spatial resolution and allows for better identification of ACG subregional responses than other neuroimaging techniques. Twelve subjects were tested using the cold pressor test (CPT), a verbal attention task (VAT), and a distraction task (DT) (a combination of the CPT and VAT). Analysis was performed on a voxel-by-voxel basis using a general linear model as implemented in SPM99. In addition to ACG activations common to both the CPT and VAT, we identified one CPT-specific cluster in an area corresponding to BA24. The modulation effect of distraction on pain was assessed by contrasting (CPT-DT) and (DT-CPT). In support of our hypothesis, contrast (CPT-DT) revealed a decrease in BA24 during the DT and contrast (DT-CPT) showed increased activation in BA32/32. These data suggest that distraction from pain and concomitant low pain ratings are reflected in distinct ACG subregional responses.
INTRODUCTION
The experience of pain is composed of sensory-discriminative, affective-motivational, and cognitive-evaluative dimensions (Melzack and Casey, 1968; Melzack and Katz, 1999) . The sensory-discriminative and affective-motivational dimensions are involved in the quality, location, and perceived unpleasantness of the painful stimulus. Several studies suggest that the cognitive-evaluative dimension may modulate the pain experience by determining the amount of attention directed toward the stimulus (McCaul and Malott, 1984; Miron et al., 1989) . Accordingly, it is a common experience that cognitive demands distract from the perceived intensity of painful stimuli. The exact brain areas that interact in this modulation are not well established. Thus, it is the aim of the present experiment to document attentional modulation of anterior cingulate gyrus (ACG) responses to painful stimuli using spatially resolved fMRI.
Classic evidence for the involvement of the ACG in pain perception derives from frontal cingulumotomy (transection of the cingulum) patients who experience pain, but surprisingly report it as less bothersome (Foltz and White, 1962) . Furthermore, electrophysiological studies in the rabbit (Sikes and Vogt, 1992) and human (Hutchison et al., 1999) have demonstrated neuronal activity in response to painful stimulation in the caudal aspect of the ACG. This region is consistent with Brodmann's Area (BA) 24Ј (Devinsky et al., 1995; Vogt et al., 1995) . In addition, numerous imaging studies established that the ACG activates to subjectively painful stimuli (Casey et al., 1996; Derbyshire et al., 1998; Hutchison et al., 1999; Ingvar et al., 1999; Vogt et al., 1996) . A recent attempt has been made to define the cognitively responsive regions of the ACG (Devinsky et al., 1995) . That review argues that the cognitive division includes "caudal BA24Јand BA32Ј, the cingulate motor areas in the cingulate sulcus, and the nociceptive cortex." These areas of the ACG are engaged in tasks involving either response selection associated with cognitive activity or the selection of a response to a noxious stimulus (for review see Devinsky et al., 1995; Ingvar, 1999; Kwan et al., 2000; Vogt et al., 1996) . That these areas are involved in cognitive aspects of the response to noxious stimulation should not be taken as evidence that there are purely nociceptive responses in these areas.
Some functional imaging studies have attempted to link responsiveness in more purely cognitive tasks and responsiveness to painful stimuli in the same experiment. Both positron emission tomography (PET) and blood oxygen level-dependent functional magnetic resonance imaging (BOLD fMRI) have been used to demonstrate that the ACG responds to tasks requiring attentional focus and to tasks involving the delivery of noxious stimuli. Separate ACG attention and pain related activation sites have been reported comparing the Stroop task and noxious thermal stimulation (Derbyshire et al., 1998) as well as an attention-demanding task consisting of silent word generation and electrical stimulation (Davis et al., 1997) . In the latter study, attentional activation encompassed superior and anterior aspects of the ACG, whereas painful stimuli activated inferior and posterior ACG sites. Likewise, Derbyshire et al. (1998) showed that individual analyses revealed only minimal overlap between sites processing pain or attention.
Recently, two PET studies have investigated the modulation of the brain's haemodynamic response to a painful stimulus occasioned by distraction tasks. One group (Petrovic et al., 2000) reported that the presentation of a distractor significantly modified responses of somatosensory association, periaqueductal gray, midbrain and lateral orbitofrontal regions. ACG activity was not significantly altered. The other group (Peyron et al., 1999) studied how turning attention away from or toward a painful stimulus affected brain activation patterns. That study also investigated how the intensity of the stimulus (painful or not) affected brain activations. Areas in the ACG did not activate selectively to the painful stimulus compared to the nonpainful stimulus. However, ACG subregions did respond selectively when attention was directed to the painful stimulus compared to when attention was directed away from the painful stimulus. The experiment (Peyron et al., 1999) showed that ACG activity pertained to the attentional neural activity triggered by the pain. These findings are contrary to observations made by other groups, who showed that ACG activity is selectively involved in the perception of thermal pain (Craig et al., 1996) and is also modulated by the perceived unpleasantness of the stimulus (Rainville et al., 1997) .
The present fMRI study was designed to investigate the hypothesized modulation of ACG activity that occurs when a distraction task is superimposed onto a pain task. We were interested in exploiting the comparatively high spatial resolution of fMRI to describe ACG subregional BOLD responses to cold pressor test stimulation when subjects focused on this noxious stimulus or were distracted from it. A verbal attention task was used for the distraction task. This task has been shown to activate ACG subregions distinct from those processing noxious stimuli (Davis et al., 1997) . The first objective of this experiment was to replicate separate ACG subregional responses to pain and attention tasks (Davis et al., 1997; Derbyshire et al., 1998) . Our second and main objective was to measure ACG subregional response modulation during distraction from pain. Since directing attention away from a painful stimulus is known to reduce the perceived pain intensity (Hodes et al., 1990; McCaul and Malott, 1984; Petrovic et al., 2000; Peyron et al., 1999) , we hypothesized that distraction from pain would result in decreased activation of ACG subregions responsive to painful stimulation and increased activation of ACG subregions responsive to the distraction task.
METHODS AND MATERIALS

Subjects
Twelve healthy volunteers (all right-handed, mean age: 23.2 years [range: 19 -39 years], 6 females) were recruited from the general population. Two subjects were excluded from the analysis due to excessive head movement. Studies were performed at the Health Sciences Centre MRI facility in Winnipeg, Manitoba, Canada. Approval for this experiment was obtained from the National Research Council's Human Research Ethics Board. Subjects gave written informed consent and were free of exclusion criteria for MRI.
Tasks
Subjects were asked to close their eyes for all experiments. All experiments consisted of an initial 30-s rest period, followed by a 90-s stimulation period, and a final 60-s rest period. During the rest period, subjects were asked to relax and listen to the sound of the machine.
Cold pressor test (CPT) . Foot or hand immersion into 2-6°C water is a standard test for pain threshold evaluation and is known as the cold pressor test. In this implementation, we used a unilateral cold compress (0 -2°C) on the dorsal surface of the right foot to avoid subject motion associated with traditional ice water immersion of the hand or foot. A trial run was conducted before each experiment to determine the water temperatures appropriate for the subjects. All subjects reported the 0 -2°C cold compress as bearable but painful. At the end of each experiment, subjects were asked to rate the pain from 0 (no pain) to 10 (worst pain imaginable). The reported discomfort typically increased 10 -30 s after application of the CPT.
Verbal attention task (VAT). Silent word generation was used for the VAT. Subjects were asked to generate as many words within a given category of proper names (musicians, athletes . . . ) or objects (fruits, vegetables . . . ) without articulation. This task was chosen because it has previously been shown to activate regions in the ACG distinct from ACG regions responsive to pain (Davis et al., 1997) . Subjects were instructed as to the word category immediately after the initial rest period.
Distraction task (DT) . The DT was a combination of the CPT and VAT. At the beginning of the stimulation period, the cold compress was applied to the foot. Distraction from the CPT was achieved by cueing subjects with a given word category (see description of the VAT) 45 s after the initiation of the CPT (i.e., in the middle of the stimulation period). This time point was chosen because of subject reports of increased discomfort after 10 -30 s (see above) of cold compress application. For the final rest period, the cold compress was removed from the foot and the subject was asked to discontinue the VAT. As in the CPT subjects were eventually asked to rate their pain on a scale from 0 (no pain) to 10 (worst pain imaginable).
Imaging Protocol
MRI experiments were conducted on a 1.5 Tesla whole body magnet (General Electric Signa Horizon LX) with a homogeneous birdcage coil. Eight 6-mm contiguous axial-oblique slices were acquired parallel to the AC-PC line (anterior/posterior commissure; Talairach and Tournoux, 1988) . The position of the acquisition slab was chosen for each individual subject, in order to optimize coverage of the ACG regions of interest. Sixty single-shot blipped gradient-echo planar images were acquired (TR/TE ϭ 3000/60 ms, ␣ ϭ 80°, 64 ϫ 64 matrix, 25 cm FOV). High-resolution T1-weighted anatomic images were obtained of the same imaging slab.
Data Analysis
First, areas activated in the individual stimulation conditions (VAT, CPT, and DT) in relation to rest were found by a simple contrast analysis. Then, areas activated commonly in both the VAT and CPT were found by masking the CPT activations with the VAT activations. To investigate the hypothesized ACG modulation effects due to the distraction task, we used the contrasts (CPT-DT) and (DT-CPT). Contrast (CPT-DT) allowed for the identification of areas that were more strongly activated in the CPT than in the DT, and contrast (DT-CPT) allowed for the identification of areas that were more strongly activated in the DT than in the CPT.
Image preprocessing and statistical analyses were all performed using Statistical Parametric Mapping 99 (SPM99) software (Friston et al., 1994) . In every timeseries, the first scan was discarded prior to preprocessing, resulting in 59 vol in each series. Then, for each subject and each session, all EPI volumes were realigned to the first volume in order to correct for movement of the head during time-series acquisitions. To allow group analysis, realigned images were spatially normalized to the MNI (Montreal Neurological Institute) brain template (SPM99) using affine and nonlinear transformations. During normalization, all scans were resampled to 2 mm 3 isotropic voxels using sinc interpolation. Finally, all images were spatially smoothed using an 8-mm full-width-at-half-maximum isotropic Gaussian kernel, to improve signal-to-noise ratio and to account for residual intersubject differences.
Statistical analysis was performed on a voxel-byvoxel basis, using a general linear model approach (Friston et al., 1995) , as implemented in SPM99.
First, a within-subject analysis was performed, with identical models across subjects (balanced design). For model estimation, individual data were temporally smoothed using a convolution with the haemodynamic response function. Also, a temporal high-pass filter (cut-off ϭ 222 s) was applied in order to remove lowfrequency confounding effects, such as cardiac and respiratory artifacts.
For each individual, the three different sessions (VAT, CPT, and DT) were all included in the same design matrix in order to look at both simple and modulation contrasts, resulting in 81 degrees of freedom (177 scans) in the single-subject analyses.
Each session was identically modeled with two conditions (box-car convolved with the haemodynamic response function), corresponding respectively to the first 15 scans and the last 15 scans of the stimulation period. This model was used for the following reasons: in the DT experiment, the distraction from the CPT starts after 45 s (15 scans); hence the distraction effect was analyzed only during the second condition (last 15 scans). Then, in the CPT experiment, only the second half (15 scans) of the CPT stimulation was taken into account, in order to make it directly comparable to the DT. Since we used an epoch-related design, the VAT was also analyzed only during the second half (15 scans) of the stimulation period.
Group analysis was performed using a random-effects procedure (Holmes and Friston, 1998) . This procedure takes into account both random effects (within and between subjects components of variance) and fixed effects (activation due to a particular task) in order to provide a better generalization to a population effect. For this purpose, for each of the different contrasts of interest defined above, one contrast image per subject was entered into a one-sample t test across the 10 subjects. The resulting SPM maps show the t statistics in every voxel for the group and for each effect of interest. Activations observed in the simple contrast analyses were thresholded at P Ͻ 0.01 uncorrected. The modulation effects were significant at a threshold of P Ͻ 0.05 uncorrected. An extent threshold of 10 voxels was used for all contrasts. We also report P values corrected for multiple comparisons at the cluster level. Small volume corrections (SVCs) (Worsley et al., 1996) were performed on SPMs (using no extentthreshold) to assess the significance of some of the ACG activation foci when a priori hypotheses existed about well-defined coordinates of functional activity and corresponding anatomical areas. Also, pain ratings were entered as covariates of interest in a linear regression model to analyze both the CPT and DT activations as a function of the pain intensity.
In order to show anatomical locations of the different activations, SPM maps were superimposed on a highresolution T1-weighted image taken from one of the 10 subjects. This T1-weighted image was first coregistered to the functional scans of the same subject and was then spatially normalized to the MNI brain template. Identification of ACG subregions was based on MNI coordinates and approximated to cytoarchitectural areas superimposed onto a flat map by Vogt et al. (1995) . Thus, activations in the perigenual regions of the ACG were designated as BA32 and 24. ACG regions located caudal to these regions (also referred to as midcingulate or the caudal aspect of the ACG) were designated as BA24Ј and BA 32Ј. Also, areas 32 and 32Ј (the cingulofrontal transition cortex) form a dorsal rim around area 24 and 24Ј. Clusters with local maxima that were not clearly located in one cytoarchitectonic area were identified as such, for example, BA32/32Ј.
RESULTS
Behavioral Results
Subjective pain ratings were reduced during the DT condition when compared to the CPT condition. Average rating of pain intensity during the CPT was 5.8 (range: 2.5-8.5, SD ϭ 1.8) and 4.5 (range: 1.5-7, SD ϭ 2.0) during the DT. This difference was significant at P Ͻ 0.013 (paired t test on pain ratings). During the CPT trial run subjects also consistently reported increased discomfort after the first 10 -30 s into the CPT.
FMRI Results
Table 1 summarizes the cluster size in voxels, the approximated anatomical location and MNI coordinates (x, y, z) of the peak voxels, as well as t values for local maxima of activations and corrected P values at the cluster level for the following analyses: (1) The simple contrasts VAT, CPT, and DT (t ϭ 2.82); (2) The masked analysis (CPT masked with VAT) (t ϭ 2.55); and (3) The modulation contrasts (CPT -DT) and (DT -CPT) (t ϭ 1.83). In each task and contrast, ACG activations are listed first in Table 1 and displayed as SPMs in Figs. 1 and 3 . Initial visual inspection of SPMs suggests substantial functional overlap of ACG activations between the VAT, CPT, and DT (Figs. 1A-1C) as confirmed by the masked analysis of the CPT with the VAT (Fig. 1D) .
Verbal attention task. ACG activations during the VAT spanned approximately 1.2 cm at the level of (z ϭ 18-30 mm). Within the activation cluster (P Ͻ 0.002 corrected), there were three local peaks (Table 1 ; Fig.  1A , arrows). One local maximum (Ϫ4, 32, 28) was left-lateralized in a superior and anterior region of the ACG and was located between BA32/32Ј (t ϭ 9.11). Two additional more inferior ACG local maxima, were located medially (0, 22, 20) (t ϭ 4.48) and left (Ϫ8, 18, 22) (t ϭ 4.99) corresponding to BA24/BA24Ј. Comparing the group ACG activations in the three different tasks, it is clear that cluster size and significance were larger in the VAT and DT as compared to the CPT (Table 1 ; Fig. 1) .
Cold pressor test. During the CPT, ACG activations spanned a region of 1.4 cm at the level of (z ϭ 18-32 mm). There were three, small, separate clusters (Table  1 ; Fig. 1B , arrows) in BA24. Two were located in more inferior regions of the ACG with local maxima at (0, 24, 20) and (12, 28, 22) (t ϭ 3.41; t ϭ 4.85, respectively) and one superior and left-lateralized with a local maximum at (Ϫ8, 10, 32) (t ϭ 3.58). The two inferior CPT clusters (arrows in Fig. 1B) spatially overlap with the VAT cluster in Fig. 1A . To further assess this spatial overlap, we masked the CPT activations with the VAT activations (P Ͻ 0.01) (Fig. 1D ). This analysis revealed two local ACG maxima at (Ϫ2, 22, 20) (t ϭ 3.90) and (10, 26, 20) (t ϭ 3.42) (Fig. 1D, arrows) . There are common regions of activation mostly medial (z ϭ 20 mm) and right-lateralized up to (z ϭ 28 mm). Based on these results, we were furthermore interested in assessing the significance of the two inferior CPT clusters, which are common to both the VAT and CPT. Therefore a volume of interest around the VAT local maximum (Ϫ8, 18, 22) was defined to perform a small volume correction (SVC) on the inferior CPT activations. After SVC, the two clusters did not remain significant (P ϭ 0.2).
The superior left-lateralized CPT cluster in BA24Ј (Fig. 1B , arrow, at level z ϭ 32 mm) was not present in the masked analysis suggesting a CPT-specific activation. To further assess the significance of this cluster an SVC was performed. According to electrophysiological recordings by Hutchison et al. (1999) , we chose a small volume of interest around (Ϫ4, 8, 32) corresponding to BA24Ј. With this correction, the superior cluster was significant at P ϭ 0.031. Moreover, in a correlation analysis of the signal intensity change in this voxel with individual pain ratings, there was a significant linear correlation between pain ratings and signal intensity (r ϭ 0.7 and P Ͻ 0.012) (Fig. 2) .
Distraction task. Two significant ACG local maxima, belonging to the same ACG cluster (Fig. 1C , arrows; Table 1 ), were observed during the DT (P Ͻ Note. The table displays the cluster size, anatomical location, MNI coordinates (x, y, z), and t values of peak voxels, as well as corrected P values at the cluster level during the VAT, CPT, and DT tasks (thresholded at t ϭ 2.82, P Ͻ 0.01 uncorrected), the CPT masked by the VAT (thresholded at t ϭ 2.55, P Ͻ 0.01) and the contrasts (CPT-DT) and (DT-CPT) (thresholded at t ϭ 1.83; P Ͻ 0.05 uncorrected). ACG activations are highlighted in grey. SVCs are indicated with an asterisk. X represents the left-right axis from midline (negative ϭ left); Y represents the front-back axis (negative ϭ posterior to the anterior commissure); and Z represents the up-down axis (negative ϭ ventral to the AC-PC line). 0.0001 corrected). Both were located in more superior planes, one left-lateralized at (Ϫ6, 20, 30) (t ϭ 6.05) and the other right-lateralized (12, 30, 28) (t ϭ 6.99) corresponding to BA32/32Ј. No local maxima were identified in BA24Ј although a very small activation can be observed at z ϭ 32 mm in this region.
Modulation effects. Fig. 3 depicts the modulation contrasts (CPT-DT) and (DT-CPT). In the contrast (CPT-DT) (activations in blue-green color scale), a modulation effect was observed in an ACG cluster with a local maximum at (Ϫ12, 0, 34) (t ϭ 2.18) corresponding to BA24Ј (Table 1 , arrow in Fig. 3 at level z ϭ 34 mm). This local maximum shows increased activations during the CPT when compared to the DT. To further assess the significance of this cluster a small volume of interest still centered at (Ϫ4, 8, 32) (Hutchison et al., 1999) was used and led to a corrected P ϭ 0.16.
Increased ACG activation due to the distraction task was assessed with contrast (DT-CPT) (activations in red-yellow color scale). With this contrast we identified one ACG cluster with two local maxima located in BA32/32Ј (Table 1 ; Fig. 3 , at levels z ϭ 26 mm and z ϭ 30 mm). As the activations in this contrast should be VAT-specific, a volume of interest around the VAT maximum (Ϫ4, 32, 28) was chosen to perform the SVC.
FIG. 1. Statistical parametric maps of BOLD signal increases in ACG during (A) the verbal attention task (VAT), (B) the cold pressor test (CPT, consisting of a cold compress at 0 -2°C on the dorsal surface of the foot), (C) the distraction task (DT) (consisting of a combination of tasks (A) and (B))
, and (D) the CPT masked by the VAT (thresholded at P Ͻ 0.01). A-D were thresholded at an uncorrected P value of 0.01. The activations are colour-coded from red to white corresponding to the t value (bar code on the right). SPMs are displayed on a single subject T1-weighted anatomical image transformed into MNI space. Images are displayed according to neurological convention, the left hemisphere is on the left and the right hemisphere on the right side of the image. The plane of the displayed brain regions is indicated on the top of each column, spanning from z ϭ 20 mm to z ϭ 34 mm. The arrows identify the local ACG maxima discussed in the text (also refer to Table 1 ).
FIG. 2.
Correlation between pain ratings and adjusted fMRI signal changes during the CPT, as evaluated with the individual time-courses at voxel (Ϫ8,10,32) (CPT local maximum). The correlation is significant at P Ͻ 0.012.
When corrected, the cluster was significant at P ϭ 0.012.
Other modulation contrasts such as (DT -(VAT ϩ CPT)) and ((VAT ϩ CPT) -DT) were also tested on the group but did not show any significant clusters in the ACG (P Ͻ 0.05 uncorrected).
DISCUSSION
The aim of the present experiment was to investigate the modulatory responses of ACG subregions when a distraction task was superimposed onto a pain task. Within our acquisition volume, we observed pain-related activations in prefrontal cortex, somatosensory association areas, the insula, and ACG. Selection of the ACG as a region of interest was motivated by a large body of evidence implicating the ACG in the processing of painful stimulation as well as by reports of separate ACG subregional involvement during pain and attention tasks (Davis et al., 1997; Derbyshire et al., 1998) . Consistent with these previous neuroimaging studies on pain and attention (Davis et al., 1997; Derbyshire et al., 1998) , our results indicate that separate ACG subregions respond to cold pressor pain and a verbal attention task. In addition we also identified an ACG subregion that was commonly activated during both the CPT and VAT. A surprising finding was the remarkable difference in the size of ACG activations between the CPT and VAT. Similar observations were made by Davis et al. (1997) , who reported that VATrelated ACG activations were typically larger than TENS-elicited pain activations. These results draw attention to the variability of ACG activations between tasks and furthermore emphasize caution when comparing ACG subregional responses from different pain studies using different noxious stimuli, imaging modalities, and analysis methods. A cold compress was used in our study to avoid the movement associated with traditional submersion of the hand into ice water. Although inducing pain in all subjects, pain intensity ratings ranged from 2.5 to 8.5. Thus, stimulus type and individual differences in intensity ratings may account for the small ACG activations observed during the CPT. Nevertheless, consistent reports of pain and ACG activations during the CPT allowed for the further investigation of modulation responses during the distraction task. In contrast to other neuroimaging studies investigating the modulatory role of attention on pain (Petrovic et al., 2000; Peyron et al., 1999) our results show that BA32/32Ј activation is increased during the distraction task whereas BA24Ј activations are reduced.
Anterior Cingulate Cortex Activations during the Verbal Attention Task
One large cluster with three local ACG maxima was identified during the VAT. The localization of our VAT local maxima in BA32/32Ј and BA24/24Ј corresponds with those reported by Davis et al. (1997) using the same verbal attention task. Since the VAT is a component of the DT the majority of activations observed in the VAT were also observed in the DT (Figs. 1A and  1C) .
Anterior Cingulate Cortex Activation Related to Pain
The ACG is a functionally heterogeneous region (Devinsky et al., 1995; Paus et al., 1993; Vogt et al., 1992) involved in motor and cognitive tasks and is the cortical region that is activated in almost every study of elicited pain (Ingvar, 1999) .
The localization of pain activations observed in the group is consistent with electrophysiological recordings of ACG activations in humans (Hutchison et al., 1999) as well as other functional imaging studies of pain (Davis et al., 1997; Kwan et al., 2000; Porro et al., 1998; Vogt et al., 1996) . The cold compress used in our study covered much of the dorsal surface of the foot and elicited average pain ratings of 5.8. Concerning the rather small size of ACG activations in the group, apart from the individual variability in pain ratings, activation size may be influenced by the type of stimulus used. Indeed, differences in activation size have been reported when comparing phasic versus tonic pain (Derbyshire and Jones, 1998a) or small versus large contact surfaces (Apkarian et al., 2000) . As well, differences in stimuli such as heat versus cold or mechanical versus electrical stimulation may influence the amount of activation observed. Furthermore different imaging techniques (PET, SPECT, or fMRI) and analysis methods used to study pain make it difficult to precisely compare activation sizes between experiments.
The two PET studies (Petrovic et al., 2000; Peyron et al., 1999) investigating rCBF changes due to attentional processes in pain did not show any significant ACG activation when subtracting a nonpainful thermal (N) condition from a painful thermal condition (P). Our study was not designed to perform this contrast, but as expected, ACG activations were present in the simple contrast results. In an attempt to repeat the (P-N) contrasts we subtracted the first 15 scans during the CPT (reports of pain intensity are very low, see Methods) from the last 15 scans during the CPT (peak reports of pain-intensity) and found an absence of ACG activations similar to Peyron et al. (1999) and Petrovic et al. (2000) . With an elegant experimental design, Peyron et al. (1999) demonstrated that ACG activity did not pertain to a pain-intensity coding network, but rather to the attentional neural activity triggered by the pain. This observation is consistent with electrophysiological findings made by Hutchison et al. (1999) , who show that ACG neurons do not only fire in response to painful thermal stimulation, but also fire in response to "the watching of a painful stimulus" administered to the experimenter. The coordinates of these neurons correspond precisely with our CPTevoked BA24Ј activations providing support for the idea that this region may be involved in nociceptive and attentional aspects of the pain experience.
It is also interesting to note that ACG activations are correlated with pain ratings (see also Coghill et al., 2000; Davis et al., 1997; Porro et al., 1998) . Indeed, the correlation analysis revealed an ACG cluster (P Ͻ 0.001 corrected) in left BA24Ј, close to the pain-specific activation during CPT (see also Fig. 2 ). However, a positive correlation of brain activation with pain intensity does not exclude a possible attentional component that may be part of the ACG activations observed in BA24Ј.
Common Areas of ACG Activation during the CPT and VAT
A novel finding in our study was that the inferior ACG local maxima of the VAT appeared to spatially overlap with the inferior local maxima during the CPT (compare Fig. 1A to 1B at level z ϭ 20 mm and z ϭ 22 mm). The MNI coordinates of these inferior local maxima were nearly identical (Table 1) . To assess common regions of activation we performed a masked analysis of the CPT with the VAT which revealed activations in BA24/24Ј and the left insula. Contralateral insula activation was also shown by Peyron et al. (1999) , who suggested that insula activation subserves the sensory-discriminative dimension of the pain experience. Using grouped analysis Derbyshire et al. (1998) reported common areas of ACG activation (midcingulate) during pain and attention tasks. However, individual analyses revealed widespread and independent areas of ACG activations, suggesting that the identification of common areas of activation using grouped analysis should be interpreted with caution. The common ACG activations during the VAT and CPT in our study were located in more inferior regions than those observed in the grouped analysis by Derbyshire et al. (1998) , placing them into the perigenual region, not the midcingulate. These perigenual activations may be involved in autonomic functions and/or affective dimensions common to both tasks (George et al., 1995; Pool and Ransohoff, 1949; Lewin and Whitty, 1960) .
Modulation of Anterior Cingulate Cortex Activation during the Distraction Task
As hypothesized, the distraction task resulted in a decrease of ACG activations responsive to pain and an increase of ACG activations when the VAT was used as a distraction task.
During the distraction task Peyron et al. (1999) observed a dissociation between pain ratings and activation in BA24. We observed a similar dissociation in the (DT-CPT) contrast (Fig. 3) . However, the local maximum of this cluster (Ϫ6, 26, 30) was located anterior and superior to the local maximum (Ϫ10, 16, 26) reported by Peyron et al. (1999) placing it in BA32/32Ј. The silent word generation task (VAT) used in our study may account for this difference. The local maxima of both the VAT (Fig. 1A) and the (DT-CPT) contrast (Fig. 3) seem to belong to the same ACG region (arrows in Figs. 1A and 3) suggesting a VAT-specific response.
Furthermore, the (CPT-DT) contrast revealed a leftlateralized BA24Ј activation at (Ϫ12, 0, 34) (Table 1 ;  Fig. 3 ). The significant decrease in signal intensity in this voxel during the DT suggests decreased activations in BA24Ј during distraction. Using hypnotic suggestion, this type of modulation was demonstrated by Rainville et al. (1997) who observed that pain-related activity in ACG closely paralleled a selective change in the perceived unpleasantness of the stimulus. Likewise, distraction from a painful stimulus, such as the CPT, may alter the perceived unpleasantness of the painful stimulus and therefore result in a reduction of activations in BA24Ј. To further analyze this cluster, we chose the same volume of interest for a small volume correction as for the CPT (Ϫ4, 8, 32) , which led to a low corrected P value of 0.16. In Fig. 3 (also see Table  1 ) it can be seen that the (CPT-DT) local maximum is located superior and more lateral than the CPT-specific local maximum; however, both clusters correspond to BA24Ј. Three subjects were not effectively distracted (pain intensity ratings stayed the same during the CPT and DT), which may tend to reduce the significance of the distraction effect in the group. Although a detailed discussion of the individual results is beyond the scope of this study, it is appropriate to note that six out of ten subjects showed a significant modulation in BA24Ј.
CONCLUSION
The ACG is part of a large number of neuronal areas involved in the multidimensional experience of pain. It should be emphasized that our focus on ACG subregional responses was by no means an investigation of a "pain center," but was an effort to more precisely examine ACG subregional responses, which are part of a larger neuromatrix involved in the perception of pain. Our study identified common and selective ACG subregional responses to separate pain and attention tasks as well as modulatory ACG subregional responses when an attention task was superimposed onto a pain task. The results from this study suggest that distraction from pain is reflected in a modulation of activity in distinct ACG subregions involved in the processing of painful and cognitive stimuli. Lowered pain intensity ratings during the distraction task may relate to activation of ACG regions specific to the verbal attention task and the attendant reduction of activity in BA24Ј.
